T otal joint arthroplasty is a reliable and successful solution to the functional impact of osteoarthritis of the hip and knee. It has been estimated that around 7 million people living in the United States have undergone a total joint arthroplasty 1 and that the need for total hip arthroplasty and total knee arthroplasty will increase in the next 15 years 2 .
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Several studies have estimated the rate of contralateral joint replacement following primary total hip arthroplasty or total knee arthroplasty. For example, two retrospective case series reported a 30% to 35% rate of contralateral total hip arthroplasty at 10 to 15 years following primary hip replacement 3, 4 . Similarly, other studies have estimated the rate of contralateral total knee arthroplasty at 37% to 46% at 10 to 15 years after primary knee replacement 3, 5, 6 . Likewise, additional studies have evaluated the rate of knee replacement following primary total hip arthroplasty. Most studies have concluded that primary total hip arthroplasty is associated with a higher rate of subsequent total knee arthroplasty in the contralateral knee 4, 7, 8 . Using nationwide data from Australia and Norway, Gillam et al. reported that, at 5 years following primary total hip arthroplasty, the risk of knee replacement was 1.7 times greater in the contralateral knee than in the ipsilateral knee 8 . In contrast, in a Canadian cohort of about 5,000 patients, Shao et al. reported that the ipsilateral knee was twice as likely to undergo total knee arthroplasty at a mean time of 17.8 years following primary hip replacement 3 . Although these studies help to describe the natural history of subsequent arthritis following primary total hip arthroplasty or total knee arthroplasty, many were limited by small referral cohorts and short follow-up time, or they evaluated only total knee arthroplasty or total hip arthroplasty as outcomes. To our knowledge, except from Australia and Norway, population-based studies have been lacking, and similarly, few studies have evaluated risk factors for subsequent joint replacement following primary total knee arthroplasty or total hip arthroplasty. Therefore, the goals of this study were to determine the rate of an additional total joint replacement after a primary total hip arthroplasty or total knee arthroplasty and to evaluate factors associated with additional lower-extremity joint replacement following primary joint arthroplasty. This information could be used to help to educate patients on the need for subsequent joint replacement and to help to manage expectations after primary total hip arthroplasty and total knee arthroplasty.
Materials and Methods

T
his was a historical cohort study conducted in Olmsted County, Minnesota, which had a population of 144,260 according to the 2010 census. The resources of the Rochester Epidemiology Project (REP) were used to define population-based cohorts of patients who had primary total hip arthroplasty or total knee arthroplasty from 1969 to 2008 [9] [10] [11] [12] . Briefly, the REP is a large records linkage system containing the complete medical records for all residents of Cumulative incidence of subsequent arthroplasty following primary total hip arthroplasty (THA). The error bars indicate the 95% CI. TKA = total knee arthroplasty.
397
T
Olmsted County, Minnesota, regardless of the facility in which the care was administered. It allows access to the original medical records for validation of diagnosis, treatments, and outcomes. This population-based infrastructure provides nearly complete ascertainment and follow-up of all patients who underwent primary total hip arthroplasty or total knee arthroplasty in a geographically defined community. During the study period, we identified 4,072 residents of Olmsted County, Minnesota, who underwent primary total hip arthroplasty or total knee arthroplasty. All patients underwent passive follow-up through their medical records to determine if they underwent a subsequent total hip arthroplasty in the contralateral hip or a primary total knee arthroplasty on either the ipsilateral or contralateral knee. The medical records were reviewed manually to identify subsequent procedures that had been performed elsewhere. The estimates included patients who underwent simultaneous arthroplasties. Revision total hip arthroplasty or total knee arthroplasty of the primary joint replacement was not considered as an outcome. Followup of individuals who moved out of the county and were lost to follow-up was censored. As shown in previous studies, >90% of the elderly population (>65 years of age) in this community have complete follow-up 11 .
The cumulative incidence of subsequent total hip arthroplasty or total knee arthroplasty (including simultaneous or staged bilateral procedures) was calculated using the Kaplan-Meier method. Multivariable Cox proportional hazards regression analysis was performed to examine age, sex, and calendar year as potential predictors of subsequent arthroplasty from the time of the original surgical procedure. Cumulative probabilities of subsequent arthroplasty and hazards ratios are reported with 95% confidence intervals (CIs). *The values are given as the hazard ratio, with the 95% CI in parentheses. Cumulative incidence of subsequent arthroplasty following primary total knee arthroplasty (TKA). The error bars indicate the 95% CI. THA = total hip arthroplasty.
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Results T he final study cohort comprised 1,933 patients who underwent primary total hip arthroplasty and 2,139 patients who underwent primary total knee arthroplasty during the study period. The mean age at the time of the primary total hip arthroplasty was 66.3 years, and 1,129 patients (58%) were female. Similarly, the mean age at the time of primary total knee arthroplasty was 68.8 years, and 1,339 patients (63%) were female.
During a mean follow-up (and standard deviation) of 12 ± 7.5 years of the 1,933 patients who underwent a primary total hip arthroplasty, 422 patients underwent a contralateral total hip arthroplasty, corresponding to a cumulative incidence of 21.8% (95% CI, 19.8% to 23.8%) at 10 years and 28.6% (95% CI, 25.7% to 31.4%) at 20 years (Fig. 1) . Of the 422 contralateral total hip arthroplasties, 165 were performed within 12 months of the index total hip arthroplasty (1-year cumulative incidence, 9%). Similarly, a total of 32 patients underwent an ipsilateral total knee arthroplasty, with a cumulative incidence of 2.1% (95% CI, 1.3% to 2.9%) at 20 years and 76 patients underwent a contralateral total knee arthroplasty, with a cumulative incidence of 5.5% (95% CI, 4.2% to 6.9%) at 20 years; these cumulative incidences corresponded to a 2.6-fold higher risk of contralateral total knee arthroplasty than ipsilateral total knee arthroplasty (p < 0.001). Younger age at the time of index total hip arthroplasty was a significant predictor of contralateral total hip arthroplasty (p < 0.0001), but not for the subsequent risk of total knee arthroplasty (Table  I) . Neither sex nor calendar year was significantly associated with a higher risk of subsequent total knee arthroplasty, and the likelihood of contralateral total hip arthroplasty declined over time (p = 0.001).
During a mean follow-up of 11 ± 5.5 years of the 2,139 patients who underwent a primary total knee arthroplasty, we observed 809 contralateral total knee arthroplasties, corresponding to a cumulative incidence of 38.7% (95% CI, 36.4% to 40.8%) at 10 years and 45.2% (95% CI, 41.7% to 48.4%) at 20 years (Fig. 2) . Of the 809 contralateral total knee arthroplasties, 269 were simultaneous total knee arthroplasties, and 207 additional contralateral total knee arthroplasties were performed within 12 months of the index total knee arthroplasty (1-year cumulative incidence, 22%). During the same time period, a total of 29 patients underwent an ipsilateral total hip arthroplasty, corresponding to a cumulative incidence of 1.8% (95% CI, 1.0% to 2.5%) at 20 years, and 31 patients underwent a contralateral total hip arthroplasty, corresponding to a cumulative incidence of 2.6% (95% CI, 1.2% to 4.0%) at 20 years. Older age at the time of the index total knee arthroplasty was a significant predictor of both ipsilateral and contralateral total hip arthroplasty (p < 0.001 for both) (Table II) . Sex was not significantly associated with an increased risk of subsequent arthroplasty following total knee arthroplasty. The likelihood of contralateral total knee arthroplasty and ipsilateral total hip arthroplasty declined significantly (p < 0.001) over time (Table II) .
Discussion
D
espite the extensive volume of research on total joint arthroplasty in the United States, relatively little is known about the long-term need for additional joint replacement following primary total hip arthroplasty and total knee arthroplasty. To our knowledge, there have been no population-based studies in the United States evaluating the rate of additional arthroplasty after index joint replacement. Therefore, the goals of this study were to identify a geographically defined cohort of patients who underwent primary total hip arthroplasty or total knee arthroplasty and to evaluate both the rate and predictive factors of additional joint arthroplasty.
By 10 years following primary total hip arthroplasty, 22% of patients in the cohort had been treated with contralateral total hip arthroplasty, and by 20 years, 29% had undergone a contralateral total hip arthroplasty. This is slightly lower than previously reported rates of 30% to 35% by 10 to 15 years after primary total hip arthroplasty 3, 4 . The lower rate of subsequent total hip arthroplasty in this cohort is possibly related to the population-based design of this study rather than results based on selected cohorts at orthopaedic referral centers. Our results also indicate that after primary total hip arthroplasty, patients undergo contralateral total knee arthroplasty twice as often as ipsilateral total knee arthroplasty. This finding is consistent with most previous reports showing more frequent total knee arthroplasty in the contralateral knee following hip replacement 7, 8 . In particular, Gillam et al. 8 reported similar findings from the Australian registry (n = 78,634) and the Norwegian registry (n = 19,786). After the first total hip arthroplasty, the hazard of undergoing a total knee arthroplasty on the contralateral side was higher than the hazard of undergoing a total knee arthroplasty on the ipsilateral side, with a hazard ratio of 1.83 in Australia and 2.97 in Norway. Similarly, Jungman et al. recently reported that the contralateral knee had lower functional scores and more frequent cartilage injury than the ipsilateral knee both at baseline and 4 years following total hip arthroplasty 7 . Although the reasons for this association are not completely understood, it is possible that gait changes in patients with hip arthritis place increased stress on the contralateral knee prior to and/or after total hip arthroplasty, leading to accelerated degenerative changes and symptom exacerbation in the contralateral knee 7, 13 . Following total hip arthroplasty, young age was predictive of patients undergoing a contralateral total hip arthroplasty. The higher prevalence of bilateral total hip arthroplasty in younger patients may result from bilateral disease processes that selectively affect younger hips, such as osteonecrosis, or structural hip problems, such as acetabular dysplasia and femoroacetabular impingement. In this cohort, 65 patients who were <50 years of age underwent bilateral total hip arthroplasties. Among these patients, 15% were diagnosed with osteonecrosis prior to total hip arthroplasty. Similarly, in this same group, 21% were diagnosed with either femoroacetabular impingement or hip dysplasia prior to the surgical procedure.
Of the patients who had been treated with a contralateral total knee arthroplasty following primary total knee arthroplasty, 39% had been treated by 10 years, and 45% had been treated by 20 years. These findings are again consistent with but slightly lower than previously reported rates of 37% to 46% at a 10 to 15-year follow-up 3, 5, 6 . After total knee arthroplasty, patients have a high likelihood of undergoing a contralateral total knee arthroplasty and a low likelihood of a subsequent total hip arthroplasty (2%), which is equal between both hips. A possible explanation for this is that the biologic and mechanical factors leading to arthritis often affect both knees. Furthermore, some biomechanical studies have shown adduction moment abnormalities and continued reliance on the contralateral knee after total knee arthroplasty, resulting in dynamic loading asymmetries between the knees [14] [15] [16] . Despite the population-based design, our findings should be interpreted in light of potential limitations. The population of Olmsted County, Minnesota, is primarily Caucasian, and Olmsted County residents are served by a robust health-care infrastructure. Therefore, the generalizability of our estimates to populations with more racial or socioeconomic diversity or differences in health-care utilization is unknown. The regional and national variation in rates of arthroplasty also limits the generalizability of our findings. This study focused only on subsequent primary joint replacement and did not capture any revision surgical procedure of the index joint replacement. Despite the long and complete follow-up, the sample size was too small to examine some issues related to laterality. In addition, we did not account for any baseline diagnosis of arthritis in other joints at the time of index joint replacement, which likely influences the likelihood of subsequent arthroplasty. We also did not account for other factors, such as insurance status and comorbidities, that may influence subsequent arthroplasty. However, despite these limitations, the unique ability to identify a population-based cohort of patients who underwent primary joint arthroplasty and the long and complete follow-up over time allowed us to describe the true rate of subsequent joint replacement.
In conclusion, patients undergoing total hip arthroplasty or total knee arthroplasty can be informed of a 30% to 45% chance of a surgical procedure in the contralateral cognate joint and a 5% chance of a surgical procedure in noncognate joints within 20 years of the first arthroplasty. Increased risk of contralateral total knee arthroplasty following an initial total hip arthroplasty may be due to gait changes following and/or prior to total hip arthroplasty. The higher prevalence of bilateral total hip arthroplasty in younger patients may result from bilateral disease processes that selectively affect the young hip, such as osteonecrosis, or structural hip problems, such as acetabular dysplasia or femoral acetabular impingement. n
